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PURPOSEFUL AND NON-PURPOSEFUL BEHAVIOR 
ARTURO ROSENBLUETH anp NORBERT WIENER 


In a recent essay (1) Professor Taylor criticizes the criteria used by Rosen- 
blueth, Wiener and Bigelow in 1943 (2) to distinguish purposeful from non- 
purposeful behavior. He also criticizes our definition of behavior, our concept of 
the vague as opposed to the general, our use of the word correlation, and our 
statement that a system may reach a final condition. Indeed, there seems to 
be little, if anything, in our paper to which he does not emphatically object. 

He maintains that the notions of purpose and teleology are not only useless 
for the understanding of mechanical behavior, but wholly incongruous when 
applied to this behavior. He further affirms that our use of the term purpose 
“bears no similarity whatever to the meaning which is ordinarily attached to 
it.” He does not state, however, his own notions of purpose and teleology; and 
the meaning which he considers to be ordinarily attached to the term purpose. 
This omission weakens his criticism considerably. 

In the present paper we shall not deal with purely verbal issues, because we 
believe that they are trivial and barren. We shall discuss some of Professor 
Taylor’s opinions and generalizations which we judge erroneous. We shall then 
complement our earlier distinction between purposeful and non-purposeful be- 
havior, because, notwithstanding Professor Taylor’s opinion to the contrary, 
we think that this distinction is meaningful and essential in science, and be- 
cause Professor Taylor’s misunderstanding of our earlier formulation suggests 
the possibility that others may also have deemed the problem to be largely a 
verbal one. 

In the interim between the publication of our first paper and the present 
time, we have devoted much effort to the clearing up of the set of categories 
necessary for the study of the statistical aspects of modern science. Some of 
this work has been presented by one of us (8). The present analysis is based on 
the ideas developed in that presentation. They go back to the work of Gibbs 
and of Heisenberg, which cannot be contained in the purely Newtonian frame 
of physics. 

Professor Taylor affirms that, in the study of the behavior which we have 
called purposeful, so long as distinctively human purposes are left out of ac- 
count, there is no conceivable way of selecting some particular relationship be- 
tween the behaving object and its surroundings as the goal toward which that 
object was directing itself. This statement is false. We can conceive many ways 
of selecting the goal or goals in purposeful behavior, and the only problem is to 
find out which of these several procedures is the most adequate for scientific 
analysis. The emphasis on human purposes is irrelevant. The purpose of the 
designer of a radar-controlled gun may have been to have the gun seek an enemy 
plane, but if the gun seeks the car of the commanding officer of the post, as 
this officer drives by, and destroys it, surely the purpose of the gun differs from 
that of the designer. Indeed, this would be an excellent example of 
cross-purposes. 

318 
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Again, let us consider a car following a man along a road with the clear pur- 
pose of running him down. What important difference will there be in our 
analysis of the behavior of the car if it is driven by a human being, or if it is 
guided by the appropriate mechanical sense organs and mechanical controls? 

Professor Taylor states that, if mechanical devices are granted the power of 
striving toward a goal, it is legitimate to suppose that the final condition which 
a clock ultimately attains, e.g., breakdown at a particular time and place, is 
the goal toward which that clock was striving. He believes that this supposition 
is fully as justified as the assumption that a target-seeking missile pursues the 
attainment of an impact with the target. These statements are erroneous. The 
basis for this judgment will be given in the second part of this paper. Suffice it’ 
to say at present that the same criterion which allows an observer to distin- 
guish purposeful from non-purposeful behavior in an animal or in another human 
being will invalidate the supposition that the clock’s behavior is purposeful, 
with its breakdown as a goal. 

Professor Taylor asserts that, according to our criterion of purposiveness, the 
mere addition of a weight to a roulette wheel changes this wheel from a pur- 
poseless to a purposeful mechanism. Then he questions whether anyone would 
undertake to defend such a conclusion, first, because it seems to him prima 
facie bizarre, and second, because he thinks that if it were maintained that the 
behavior of a weighted wheel is purposeful, then it would be difficult to find an 
instance of behavior which is not. 

Whether or not a conclusion may appear prima facie bizarre to somebody may 
be highly relevant for some objectives, but is irrelevant in a discussion of the 
status of the concept of purpose in science. We shall therefore not consider this 
argument further. We utterly fail to grasp the logic of the statement: that, if it 
were maintained that a weighted roulette exhibits purposeful behavior, then it 
would be difficult to find examples of purposeless reactions. We must, there- 
fore, again dismiss this argument. 

We consider the behavior of a weighted roulette purposeful, much as we deem 
that the behavior of a magnetic compass deviated from its resting alignment 
exhibits purpose. By this we mean that the analysis of the motions of the wheel 
or of the needle should include the fact that they end in a definite relationship 
to a specific characteristic in the environment in which they occur. The purpos- 
iveness in these instances differs importantly from that recognizable in a ser- 
vomechanism, however, because the behavior of the latter is active, whereas the 
behavior of the wheel and that of the magnetized needle are passive, an im- 
portant fact which Professor Taylor did not include in his analysis. 

He believes that we left our distinction between purposeful and purposeless 
behavior hovering vaguely in the background of the examples we used. We shall 
not discuss this belief. He believes further that as soon as this distinction is 
made clear and precise, then “its dubious status becomes quite apparent.” This 
belief involves a contradiction of terms: a clear and precise distinction cannot 
have a dubious status. 

He reproaches us for neglecting to point out that some of the most ordinary 
objects of our daily experience, such as the leaves of many green plants, ex- 
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hibit instances of what we called “teleological purposeful behavior,” namely 
behavior controlled by negative feed-back. This reproach is gratuitous. It would 
only be justified if we had attempted to list or catalogue all the instances of 
negative feed-back, but that was neither our claim nor our objective. 

He maintains that the notions of purpose and teleology are useless for the 
understanding of servomechanisms, and are wholly incongruous as thus applied, 
because the behavior of these mechanisms is describable in terms of, and only 
in terms of, the same fundamental categories as are employed for the descrip- 
tion of any other physical process. These statements are false. The analysis 
of any process can be carried out in many different ways that are scientifically 
valid and useful. We believe that the notion of purposefulness is one of the 
fundamental categories to which Professor Taylor vaguely alludes—vaguely be- 
cause he does not state them specifically. We make bold to assert that the vast 
majority of engineers working on the theory or the design of servomechanisms 
share our conviction that the notion of purpose is essential for their work. 

Professor Taylor’s categories, although not explicitly listed, appear to be the 
Newtonian categories. These do not contain the categories of the Gibbsian 
statistical mechanics, nor, as a consequence, those of modern quantum theory. 
They admit of no probabilities and of no degrees. Strictly speaking, they do 
not admit the repetition of an experiment unless the impossible is realized and 
the new experiment is the complete replica of the old. They are suited for the 
non-experimental study of the motions of the planets, but not for experiments 
where the human influence is perceptibly large. 

In a rigid system, without degrees, if we introduce causation it pervades the 
whole system, and the only conceivable cause of any future status is the entire 
past. But in a world in which the whole past causes the whole future in an in- 
tegral inseparable way, the category of cause has no operational significance. 
In such a system, the introduction of purpose anywhere will again be all-in- 
clusive and the notion will again be operationally meaningless. Thus, if we ad- 
here to the Newtonian categories, Professor Taylor’s criticism of the use of the 
notion of purpose appears legitimate, but this criticism is equally applicable to 
the notion of cause, a category that he accepts and uses freely. 

The concept of cause is only significant when there are different degrees of 
causation that can be measured. To give causation degrees means to correlate 
changes in initial conditions with the corresponding changes in later conditions. 
This requires the entire apparatus of statistics and probability. However, in a 
science subject to statistics and probability it is possible to enquire not only to 
what extent a phenomenon causes another, but also to what extent a purpose 
causes a result. Modern science has indeed introduced degrees, and has thus 
justified the realization of experiments and has made possible the significant 
use of the term cause and equally the significant use of the term purpose. 

It is possible to develop a mathematical theory of prediction which has its 
roots in the theory of probability (see bibliography in 4). This theory is one- 
sided in time and distinguishes past and future. It is equally useful in determin- 
ing the probable consequences of past stages, and the probable antecedents of 
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present or future stages. The prediction of the future from the past belongs to 
the theory of causality; the determination of the past from the present belongs 
to the theory of purpose. 

Professor Taylor gives a description of the behavior of a torpedo with a tar- 
get-seeking mechanism, which he offers as an example of the use of the correct 
scientific categories. It is interesting to note that the notion of purpose, as 
defined by us, appears repeatedly, although thinly disguised by circumlocutions. 
As instances we quote: “a machine so designed as to be guided by’’; “the re- 
sulting change in the sound waves, relative to the sonic device, suffices to re- 
orient the torpedo, i.e., causes it to resume its course, relative to the target.” 
We submit that the open use of the notion that the torpedo seeks the target 
simplifies and clarifies the description. 

Professor Taylor states that the behavior of the torpedo would be the same 
even if no target were there, “provided only that sound waves, or certain other 
immediate causes, obtained.” This statement is misleading, because it is in- 
complete. The behavior will only be the same if the pertinent characteristics 
of the sound waves that reach the missile are the same. The effective target is 
not the ship but the apparent focus from which the sound waves emanate. If 
the missile is pursuing the same sound waves, it is pursuing the same target. 
The same criterion is applicable to human behavior. If a man wakes up at 
night and shoots his gun at his image in the mirror, his reaction is quite as 
purposeful as if he had shot at a burglar. 

Professor Taylor then asserts that if the sound-guided torpedo is replaced by 
one that is propelled by the target by means of a cable the behavior will be 
precisely analogous, the only relevant difference being in the mode of guiding. 
He does not state whether the torpedo attached by the cable is active or pas- 
sive; we assume that it is active. In either case the assertion is erroneous. The 
design, mechanics and trajectory of a pulled missile are quite different from 
those of a missile controlled by negative feed-back, and the difference is obvi- 
ous if we realize that the pulled torpedo does not adjust its rudders and vanes 
to minimize an error, whereas the sound-guided one does. Of course, if the 
lateral pull on the cable is used as a signal to control by feed-back the movements 
of the missile, instead of their being controlled by sound waves, then the torpedo 
will again be intrinsically purposeful. 

It is thus clear that Professor Taylor’s criticism of our views on purposeful 
mechanisms contains many erroneous opinions. These errors do not necessarily 
imply, however, that our views were correct. It still remains for us to show with 
greater precision and detail than we did six years ago that it is possible to dis- 
tinguish purposeful from non-purposeful behavior, and that this distinction is 
not only useful but essential, indeed, that the category of purpose is one of the 
fundamental categories in science. To this task we devote the remainder of this 
paper. 

Let us consider an example. Suppose that in a dog track in addition to the 
usual mechanical hare and the living hounds there is a mechanical hound with 
the appropriate sense organs, and controls, so that it, like the living specimens, 
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will follow the hare. This supposition is not unreasonable since mechanisms 
with positive phototropism, and even a multiplicity of tropisms, have already 
been constructed. Suppose also that the non-living mechanisms are dressed up 
to resemble their living counterparts. The observation of a single run will not 
allow the discrimination of any differences in the behavior of the several enti- 
ties concerned; nor will the observation of several runs performed under ap- 
proximately equal conditions allow this discrimination. But several observa- 
tions carried out under varied conditions will readily lead even a casual observer 
to distinguish the rigidly directed behavior of the hare, which is independent of 
that of the hounds, from the behavior of the latter, which is guided, under the 
circumstances, by that of the hare. 

The behavior of the mechanical hare is characterized by the fact that the 
mechanism does not show any tendency to return to its original path if it is 
detracked. The changes in the surroundings may influence its motion or path, 
but are not followed by a restoring reaction. The motions of the hounds, living 
and mechanical, on the other hand, are modified whenever that of the hare is 
changed, or whenever an influence exerted on them changes their course with 
respect to that of the hare. We can omit the hounds in our study of the be 
havior of the hare, and we shall not lose anything of significance or importance. 
But we can not omit the hare in our analysis of the behavior of the hounds with 
out losing an essential fact, namely, the fact that the hounds pursue the hare 
ie., that their behavior is purposeful. 

This distinction is not restricted to this particular example. We call the be- 
havior of an ordinary clock purposeless because here again, as in the case of the 
mechanical hare, if we change its motion, e.g., if we stop it for half an hour and 
then start it again, we find no tendency to make up for the lost time. The time 
and place at which a clock will stop cannot be considered as a goal or purpose 
of its motion because this time and place do not influence the running of the 
clock, i.e., because they are irrelevant for the description of this motion and 
for the study of its laws. On the contrary, we call the motion of a phototropic 
servomechanism purposeful because if we deviate it from its course it reacts to 
resume its path toward the source of light, much as a moth will, and because 
the position, fixed or variable, of this source is highly relevant, indeed, is in- 
dispensable, for the understanding of the motions of the machine. 

We have chosen these examples because we consider them extreme. We be- 
lieve, however, that the notion of purpose is not absolute, but relative; it admits 
degrees. We further believe that it involves a human element, namely the atti- 
tude and objectives of the observer. Different observers may well differ in their 
evaluation of the degree of purposefulness of a given behavior. And the same 
observer may study a given behavior as purposeful or as purposeless, with dif- 
ferent objectives. But these limitations of the notion of purpose are common to 
many other scientific categories, and do not detract from their validity and 
usefulness. 

Before we proceed to a more detailed discussion of the criteria that may be 
used to characterize and determine purposefulness, some preliminary general 
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remarks are pertinent. The first is that if the term purpose is to have any sig- 
nificance in science, it must be recognizable from the nature of the act, not from 
the study of or from any speculation on the structure and nature of the acting 
object. This remark is important because it eliminates any incongruity in the 
application of the notion to non-living machines. In other words, if the notion 
of purpose is applicable to living organisms, it is also applicable to non-living 
entities when they show the same observable traits of behavior. 

The basis for this dictum is inherent in the example of the hare 
and the hounds. We assumed that one of the hounds was mechanical and be- 
haved like the living hounds. We assert that if this behavior is indeed similar, 
and that if we attribute a purpose to the animals, we must attribute a similar 
purpose to the machine if we wish to be consistent. The animals and the machine 
differ in many other respects, but those differences will be irrelevant to our 
analysis of their behavior at the track. 

A second pertinent consideration is the following. A sharp distinction be- 
tween passive and active behavior is not possible. Yet it is important to sepa- 
rate the behavior of an object that is not connected to a reservoir of energy 
from that of one that is. In the first instance, e.g., the motion of a stone that is 
thrown, a relatively simple system carries with it all the energy available for 
the motion in a form which cannot readily be set over against the motion as a 
whole. An active system naturally divides itself into two parts. One of this is 
reservoir of energy, and the other is the remainder of the system actuated by 
this energy. For example, a motor plugged into the mains is active, and this is 
equally true whether the source of e.m.f. across the terminals is supplied by a 
power driven generator or by a storage battery. 

While there is no a priori reason to expect that purposeful behavior should 
be restricted to either of these two classes, we may expect the active systems to 
show far greater opportunities for the manifestation of purpose. In a passive 
system the input must supply the energy for the action as well as the direction 
(information), whereas in an active system the directions may be supplied at 
low energy levels (see below). 

The third remark is concerned with the degree of coupling of an object with 
its surroundings. A system, isolated for study as a unit, i.e., an object, is never 
free from influences external to it; it is usually coupled to other systems in many 
ways: gravitationally, thermally, magnetically, etc. Relative independence, how- 
ever, is sometimes easy to attain. Thus, in the designing of a clock it is desira- 
ble, and possible, to minimize the influence of temperature, moisture, magnetic 
fields, etc., on its movement. 

The coupling of an object with its surroundings always includes an energetic 
element. But the amount of energy that will determine any significant changes 
in the object varies enormously in different instances and in different objects. 
A passive object will only register relatively large external changes, but active 
processes within an object may convert an external signal with a low energy 
level into an important reaction. This second type of coupling we call an in- 
formative or sense-organ coupling. We introduce this distinction because al- 
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though only quantitative and susceptible of degree it plays an essential role in 
the theory and design of servomechanisms. 

In the higher animals most of the cells react to many changes in the sur- 
roundings; thus, they react to pressure, to vibration, to temperature variations, 
to sound and to light, to diverse chemical agents, and to the flow of electric 
currents. In the vast majority of these instances a relatively large external 
change is necessary for the reactions to become significant. But some cells react 
to extremely minute specific external influences. For example, specific receptors 
in the skin can signal the pressure exerted by a hair, very low energy levels of 
sound waves affect the auditory receptors, and, in optimum conditions, a single 
quantum of light energy may be registered through the retina. The difference 
between these receptors and other cells is again only quantitative and admits 
degrees, yet the physiologists have singled them out for special study. It is 
interesting to note that sense-organs are built around receptors and contain 
earlier and later elements vastly contributing to the effectiveness of these 
receptors. 

Similarly, all the parts of a machine show sensitivity to the environment. 
But there are elements like photo-cells or strain gauges which show a greater 
sensitivity to some specific changes in the environment. These elements may be 
connected to parts for the reception of external changes, and to subsequent 
amplifiers, in such a way as to make them even more effective for the detection 
of specific changes and for the communication of these to the mechanism so as 
to alter its performance. 

After these preliminary remarks we can formulate some of the criteria for the 
distinction between purposeful and non-purposeful behavior. 

(a) Purposeful behavior is to be attributed only to an object which forms part 
of a larger system, i.e., to an object that is coupled to other objects or features 
in the environment in such a manner that changes in these objects or features 
will modify its behavior. This criterion renders the active behavior of an ordi- 
nary clock purposeless, for, as already stated, the clock is meant to be largely 
independent of its surroundings. The passive motion of an honest roulette is 
also purposeless for the same reason. 

(b) Purposeful behavior requires that the acting object be coupled with the 
goal, that is, that the object register messages from its surroundings. The cou- 
pling may be on a high energy level; it is then relatively loose. A tighter coupling 
may obtain if the object has sense-organs, as defined above. This criterion ex- 
cludes gross errors, such as that of assigning the time and place of stop or break- 
down of a clock as its goal, or as that of thinking that the impact of a falling 
stone on the ground was the goal pursued by the stone. 

(c) Purposeful behavior is behavior oriented toward or guided by a goal. The 
goal may be static or dynamic. If it is static and the behavior sequence is suc- 
cessfully achieved the behaving object will reach a relationship with the goal 
specifiable in time or space. This relationship should be reached under a rela- 
tively wide variety of conditions. If the goal is dynamic the object should tend 
to minimize an error in one or more of its relations to the goal. 


This content downloaded from 128.235.251.160 on Fri, 30 Jan 2015 01:57:57 AM 
All use subject to JSTOR Terms and Conditions 





PURPOSEFUL AND NON-PURPOSEFUL BEHAVIOR 825 


Purposes, including the tropisms, may be positive or negative. Thus, a light- 
evading mechanism is fully as purposeful as a light-seeking one. The problems 
of design and of analysis are alike in both cases. 

(d) The recognition of purposeful behavior requires that several observations 
be made with the system exposed to different initial or subsequent conditions. 
Repetition with varying circumstances is indispensable to eliminate random co- 
incidences. It.is also necessary in order to ascertain that the particular relation 
between the acting object and the constituents of the system interpreted as the 
goal was not reached by the independent development of processes which fall in 
phase at a given moment. 

The notion of purpose is inapplicable to Leibniz’s monads, which had no sense 
organs, and which were initially wound so perfectly that they never fell out of 
phase with each other. The position of the hands in a clock and the rise of the 
sun to the zenith, like the monads, may be in phase regularly for an indefinite 
period, but will readily fall out of phase if we change the part of this system 
with which we can interfere. 

(e) The relationship between an acting object and a goal is not necessarily 
one-way. Thus, if hounds pursue a mechanical purposeless hare the behavior of 
the hounds is purposeful, with the hare as a goal, and the relationship is one- 
way. But if the hounds pursue a live hare or a mechanical hare that tries to 
avoid the hounds, the relationship is two-way, with purposeful activity all 
around. It may be mentioned parenthetically that the theory of games is a 
chapter in the study of two- or more-way purposeful activity (see 5). 

(f) Passive behavior may be purposeful or non-purposeful, much like active 
behavior. For example, it appears desirable to regard the motions of a magnetic 
compass that has been deviated from its resting position as purposeful, with the 
final resting orientation as the goal. Since in the passive behavior the coupling 
with the environment is purely energetic, we may expect low degree in the 
purposefulness. This is indeed the case, and it is interesting to note that when 
engineers wish to emphasize the purpose of a compass they do this by adding 
amplifiers to it, that is, by making it active. This is the principle of the earth- 
inductor compass. 

(g) Purposeful behavior does not require complex acting objects, but may be 
exhibited by quite simple structures. Thus, the behavior of a magnetic compass 
is purposeful, whereas that of a large steam locomotive running without a crew 
would be purposeless. 

(h) The notion of purpose is important for the study and understanding of 
some complete behavior-sequences, but loses its meaning if that study is con- 
cerned merely with the instantaneous changes in the sequence. The analysis of 
only the instantaneous changes does not adequately describe the behavior of, 
e.g., a target-seeking missile or of a voluntary, goal-directed act of an animal 
organism. 

We stated earlier that Professor Taylor’s schematic description of the be- 
havior of a torpedo guided by sound waves originating from a target was carried 
out in terms that include the notion of purpose. This is true because his de- 
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scription was not restricted to the changes at the missile but included the re- 
lations between this missile and the target. Were these relations excluded the 
description would be utterly incomplete. 

To sum up, we wish to stress that in some modes of behavior an acting object 
is closely coupled to certain features or objects in its environment. The analysis 
of the behavior is then quite incomplete if the object is considered in isolation, 
for it is only a part of a larger system. A tight coupling with the environment 
may result in random behavior, but it may also result in behavior with a pur- 
pose, i.e., behavior directed to a specific goal and determined by the relations 
between the object and the goal. The instantaneous interactions between an 
object and its environment are in no way different in non-purposeful and in 
purposeful behavior. But the adoption of a teleological approach simplifies the 
analysis of goal-directed behavior and enlarges the scope of this analysis. This 
methodological approach does not imply the philosophical belief in final causes. 

We also wish to explain why we use the humanistic terms purpose and teleol- 
ogy in the description of the behavior of some machines. The question of whether 
machines are or can be like men or the higher animals does not guide our choice. . 
This question is on the main irrelevant for scientific objectives. We believe that 
men and other animals are like machines from the scientific standpoint because 
we believe that the only fruitful methods for the study of human and animal 
behavior are the methods applicable to the behavior of mechanical objects as 
well. Thus, our main reason for selecting the terms in question was to emphasize 
that, as objects of scientific enquiry, humans do not differ from machines. 


Instituto Nacional de Cardiologia de México 
Massachusetts Institute of Technology 
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